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Abstract:
The main purpose of this systematic review and meta-analysis was to evaluate the effects of probiotics 

intake on strength and power performance in a trained population. This study was designed following 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement guidelines. The 
review was registered in PROSPERO with the following registration number: CRD42021248173. PubMed/
MEDLINE, Web of Science, and Scopus databases were searched from their inception to the 18th March 2022 
to find original research studies evaluating the effects of probiotic supplementation on strength and power 
performance tests in a trained population. The following inclusion criteria were applied to select studies: 
probiotics supplementation; trained population; strength and power performance measurements; human 
experimental trial; controlled with a placebo group; peer-reviewed and original articles written in English 
language. Random effects model and standardized mean differences (SMD) were used following Hedges’ G 
for the meta-analysis. Seven studies were finally included after the inclusion/exclusion criteria were applied 
(n=142 participants). Results of the meta-analysis identified a significant benefit of probiotics compared to 
placebo treatments (p=.04), with a small pooled effect size (SMD=0.36 [0.02-0.70]; I2=43%), and no funnel 
plot asymmetry was present. In summary, this systematic review and meta-analysis demonstrated that 
probiotic supplementation could effectively enhance strength and power performance in a trained population.
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Introduction
An active lifestyle, involving regular phys-

ical activity, is associated with good health and a 
reduction in risk factors that could lead to chronic 
diseases later on (Warburton, Nicol, & Brendin, 
2006). However, athletes often intensify their 
training to improve exercise induced adaptations 
(D’Andrea, et al., 2013). During exercise, blood 
flow is redirected mainly to skeletal muscles, lungs, 
and heart, causing splanchnic hypoperfusion and 
hypoxia (Chantler, et al., 2021). This reduction in 
intestinal perfusion, in addition to the increase in 
body temperature, induces epithelial cell injury 
(Pires, et al., 2017; van Wijck et al., 2012). The gut 
cell damage is commonly measured by the rise 
in serum of intestinal fatty acid binding protein 
(I-FABP) concentration (Chantler, et al., 2021).

As a result of enterocyte damage, gut perme-
ability is increased, promoting nutrient malabsorp-
tion (Dokladny, Zuhl, & Moseley, 2016). Gut perme-
ability is even more elevated in athletes due to their 
lifestyle, involving excessive training load, sleep 
disturbances, psychological stress, foreign travels, 
and environmental extremes (Jäger, et al., 2019).

Thereby, it is essential for athletes to keep a 
proper gut permeability in order to guarantee an 
adequate absorption of ingested nutrients. Specifi-
cally, probiotics have been shown to enhance gut 
health and thus they may help athletes to maintain 
a proper fitness status (Jäger, Purpura, et al., 2016). 
Probiotics are defined as “live microorganisms, 
which administrated in adequate amounts, confer 
benefits to the health of the host” (Hill, et al., 2014). 
Intestinal microorganisms are capable of producing 
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short chain fatty acid (SCFA), mainly acetate, propi-
onate, and butyrate, mostly due to the fermenta-
tion of undigested carbohydrates in the intestine 
(Markowiak-Kopeć & Śliżewska, 2020). Butyrate 
is the primary energy source of the enterocytes and 
has been estimated to be 60-70% of colonocytes’ 
energy needs (Kiela & Ghishan, 2016; Roefiger, 
1980). Thus, this compound could reduce intestinal 
cell injury and gut permeability, and the subse-
quent inflammatory response by feeding entero-
cytes (Clark & Mach, 2016; Mach & Fuster-Botella, 
2017). Thereby, the intake of probiotics could reduce 
gut damage (Jäger, et al., 2019), improve essential 
nutrients absorption for recovery, and therefore 
sports performance (Jäger, Mohr, & Pugh, 2020; 
Pugh, et al., 2020).

A previous meta-analysis found significant 
positive effects after probiotic supplementation on 
aerobic performance tests in a trained population 
(Santibañez-Gutierrez, Fernández-Landa, Calleja-
González, Delextrat, & Mielgo-Ayuso, 2022). 
However, to the best of the authors’ knowledge, 
there is still no evidence of probiotics’ effects on 
strength and power exercise, characterized by short 
duration, high intensity, and high energy demands 
(Baker, McCormick, & Robergs, 2010). These activ-
ities could increase gut damage as demonstrated 
in the study by Wijck et al. (2013), in which after 
30 minutes of resistance training, serum I-FABP 
concentration was significantly raised, impairing 
protein absorption after exercise (van Wijck, et al., 
2013). Thus, proper intestine health may enhance 
the recovery process improving nutrient absorption 
after strength training. Additionally, it was recently 
hypothesized that greater gut health due to probi-
otic intake could improve anaerobic performance 
(Przewłócka, Folwarski, Kaźmierczak-Siedlecka, 
Skonieczna-żydecka, & Kaczor, 2020).

Therefore, the main objective of this systematic 
review and meta-analysis (SRMA) was to examine 
whether probiotic supplementation could improve 
strength and power performance in a trained popula-
tion (trained/developmental, highly trained/national 
level, and/or elite/international level [McKay, et al., 
2022]). 

Methods
This SRMA was designed following the 

Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) statement guide-
lines (Liberati, et al., 2009) to evaluate the effects of 
probiotics supplementation on strength and power 
performance in a trained population. The study 
protocol was registered in the Prospective Register 
of Systematic Review (PROSPERO) with the 
following registration number: CRD42021248173.

Search strategy
Records were identified by searching in 

PubMed/MEDLINE, Scopus and Web of Science 
(WOS) from their inception to 18th of March 
of 2022. For that aim, the following Boolean 
search equation was used for the PubMed/
MEDLINE database: (“probiotics”[MeSH Terms] 
OR “probiotics”[All Fields] OR “probiotic”[All 
Fields]) AND ((“exercise”[MeSH Terms] OR 
“exercise”[All Fields]) OR (“sports”[MeSH Terms] 
OR “sports”[All Fields] OR “sport”[All Fields]) OR 
performance[All Fields] OR strength[All Fields] OR 
anaerobic[All Fields] OR (“power”[MeSH Terms] 
OR “power”[All Fields])) AND ((“athletes”[MeSH 
Terms] OR “athletes”[All Fields] OR “athlete”[All 
Fields]) OR trained[All Fields] OR elite[All Fields]). 
For the Scopus and WOS databases, the following 
Boolean search was used: (Probiotic AND (exercise 
OR sport OR performance OR strength OR anaer-
obic OR power) AND (athlete OR trained OR elite)).  

In addition, the snowball strategy was used in 
order to identify possible missing studies in the 
search (Greenhalgh & Peacock, 2005). Two authors 
(JFL and ASG) conducted the search independently, 
and disagreements were resolved by discussion or 
using the third-party adjudication (NT).

Inclusion and exclusion criteria
For the articles obtained in the search, the 

following inclusion criteria were applied to select 
studies: (1) probiotics supplementation; (2) trained 
population (trained/developmental, highly trained/
national level, and/or elite/international level 
[McKay, et al., 2022]); (3) strength and power 
performance measurements involving the following 
tests: vertical jump, 100-m freestyle swim, simu-
lated casualty drags, 100m-shuttle run, 60-s pull 
ups, Wingate test, maximal voluntary isometric 
peak, 40-m dash, T-test, handgrip, squat (1RM), 
deadlift (1RM), bench press (1RM), pro-agility, 
10-yard sprint, and standing long jump; (4) human 
experimental trial; (5) controlled with a placebo 
group; and (6) peer-reviewed and original articles 
written in the English language.

On the other hand, the articles were excluded 
when: (1) combined probiotics with other supple-
ments (except studies in which orange drink or 
recovery drinks were used in placebo and experi-
mental group from the baseline level); (2) partici-
pants were not trained population; (3) lack of 
placebo condition for comparison; (4) articles that 
did not report pre- and post-exercise information; 
and (5) the studies were review articles, unpublished 
abstracts, thesis, and dissertations.
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Text screening 
Two investigators (JFL and ASG) indepen-

dently screened titles and abstracts of the initial 
search based upon a priori determined inclusion and 
exclusion criteria. Subsequently, the same investi-
gators independently screened full texts to further 
assess congruence with the inclusion and exclusion 
criteria and to determine which studies deserved 
inclusion in the study. Discrepancies between the 
authors were discussed until a consensus decision 
was reached. 

Data extraction and study coding
Studies were closely reviewed to extract group 

means (pre and post data), standard deviations (pre 
and post data), and sample sizes in probiotic and 
placebo groups. When the data were not expressed 
in figures, and numerical data was lacking, 
values were estimated through Image J software® 
(National Institutes of Health, Bethesda, MD, 
USA). Mean values were calculated by measuring 
the pixel length of each plotted value in the figure 
and standard deviation with its associated error bar.

All studies satisfying inclusion criteria were 
carefully reviewed and relevant study characteris-
tics were added in a spreadsheet (Microsoft Excel, 
Microsoft Corporation, Washington, DC, USA). 
Extracted information involved study authors and 
publication year, study design, participants’ sex, 
participants’ age, probiotic strain, form and dose 
of supplementation, duration of supplementation 
protocol, pre-test protocols, side effects, and perfor-
mance tests outcomes. The majority of studies 
showed more than one outcome that met study 
inclusion criteria. For that reason, “MAd” package 
in R software was used to obtain a unique effect size 
estimate for each investigation (Cooper, Hedges, 
& Valentine, 2009). This package assumes within-
study correlation to give an accurate effect size to 
each study. The within-study correlation used for 
this SRMA was the same as used by Trexler et al. 
(2019), that carried out a meta-analysis evaluating 
the effects of an ergogenic aid in strength and power 
performance using 0.70 as within-study correlation 
(Trexler, et al., 2019).

Study quality assessment
The methodological quality of included studies 

was assessed by the Physiotherapy Evidence Data-
base (PEDro) scale (Morton, 2009). This tool 
consists of 11 different items. Items 2 to 11 can 
be rated with 0 or 1, and consequently, the highest 
possible rate in the PEDro scale is 10 (low risk of 
bias), and the lowest 0 (high risk of bias). The PEDro 
scale score was evaluated as poor quality (when the 
score was ≤3 points), fair quality (when the score 
ranged between 4 and 5 points), good quality (when 
the score was 6 to 8 points), and excellent quality 
(when the score was 9 to 10 points) (Cashin & 

McAuley, 2020). This process was performed by 
two independent researchers (JFL and ASG). 

Statistical analysis
The analyses were performed with the 

“metafor” package in R software (R Foundation 
for Statistical Computing, Vienna, Austria). For 
all extracted outcomes that met inclusion criteria, 
standardized effect sizes were calculated as Hedges’ 
G, giving an individual effect size and variance for 
each study result (Borenstein, Hedges, Higgins, & 
Rothstein, 2021). In order to obtain the variance, 
the correlation coefficient used was 0.70 (r = 0.70) 
following Rosenthal’s recommendation (Rosenthal, 
1991). The meta-analysis was carried out using the 
inverse variance random effects model by DerSi-
monian and Laird method (DerSimonian & Laird, 
1986). The calculation of the effects of probiotic 
supplementation vs placebo on strength and power 
performance was measured using the standardized 
mean differences (SMD) with a 95% of confidence 
interval (95% CIs; [lower bound–upper bound]), and 
significance was set at p<.05. In order to calculate 
the SMD of probiotic and placebo groups, Hedges’ 
G was used (Hedges, 1981). The SMD was classi-
fied as trivial (<0.2); small (0.2-0.3); moderate (0.4-
0.8); and large (>0.8), following the Cohen criteria 
(Cohen, 1992). 

Heterogeneity across the included studies was 
assessed by I2 statistic and it was evaluated as low 
(I2<25%), moderate (I2=25-75%), and considerable 
(I2>75%) risk of heterogeneity (Higgins, Thompson, 
Deeks, & Altman, 2003). 

For the included studies, standard errors were 
plotted against Hedges’ G values for visual assess-
ment of potential funnel plot asymmetry to deter-
mine publication bias. Funnel plot asymmetry was 
as well evaluated through Egger’s regression test 
(Egger, Davey Smith, Schneider, & Minder, 1997) 
and Duval and Tweedie’s Trim and Fill method 
(Duval & Tweedie, 2000).

Results
Literature search

Total records of 910 were identified through 
database searching. After duplicates removal 
(n=246), 664 unique records were included in this 
SRMA. Title and abstract screening eliminated 634 
irrelevant studies, resulting in 30 eligible studies for 
full-text screening. After the full-text screening, 7 
articles were included in this SRMA, with a total 
number of 142 participants. The PRISMA flow 
diagram is presented in Figure 1. 

Studies meeting the inclusion criteria are 
summarized in Table 1. The average age of the 
participants was between 19.5 and 25 years, with 
an exception that did not report that information 
(Carbuhn, et al., 2018). Probiotic supplementa-
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Figure 1. PRISMA flow diagram with information about search and screening process.

tion strains were different among studies, and the 
following strains had been used: Bidifobacterium 
longum, Bifidobacterium breve, Bacillus coagu-
lans, Bacillus subtilis, Lactobacillus plantarum, 
Lactobacillus casei, and Streptococcus thermo-
philus. Regarding probiotics administration, four 
studies used capsules (Carbuhn, et al., 2018; Huang, 
Wei, Huang, Chen, & Huang, 2019; Jäger, Purpura, 
et al., 2016; Townsend, et al., 2018), one study used 
powder sachet (Hoffman, et al., 2019), another 
study provided a bottle containing the supplement 
(Salleh, et al., 2021), and finally, one study did not 
mention the form of administration (Toohey, et al., 
2020). The ingested dosage ranged from 1 x 109 
CFU (Carbuhn, et al., 2018; Hoffman, et al., 2019) to 
3 x 1010 CFU (Huang, Wei, Huang, Chen, & Huang, 
2019; Salleh, et al., 2021). There was a large varia-
tion in the supplementation duration period, going 
from 14 days (Hoffman, et al., 2019) to 84 days 
(Townsend, et al., 2018). In two studies, a pre-test 
protocol was performed 48 and 72 (Huang, Wei, 
Huang, Chen, & Huang, 2019; Jäger, Purpura, et al., 
2016) hours before carrying the performance test. 

In order to evaluate strength and power perfor-
mance the following tests were carried out: vertical 
jump (Carbuhn, et al., 2018; Hoffman, et al., 2019; 
Salleh, et al., 2021; Toohey, et al., 2020); 100-m free 
style swim (Carbuhn, et al., 2018); simulated casu-

alty drags (Hoffman, et al., 2019); 100m-shutle run 
(Hoffman, et al., 2019); 60-s pull ups (Hoffman, et 
al., 2019); Wingate (Huang, Wei, Huang, Chen, & 
Huang, 2019); maximal voluntary isometric peak 
(Jäger, Purpura, et al., 2016); 40-m dash (Salleh, 
et al., 2021); T-test (Salleh, et al., 2021); hand-
grip (Salleh, et al., 2021); squat (1RM) (Toohey, 
et al., 2020; Townsend, et al., 2018); deadlift 
(1RM) (Toohey, et al., 2020; Townsend, et al., 
2018); bench press (1RM) (Toohey, et al., 2020); 
pro-agility (Toohey, et al., 2020; Townsend, et al., 
2018); 10-yard sprint (Townsend, et al., 2018); and 
standing long jump (Townsend, et al., 2018). In all 
studies supplementation was tolerated with no side 
effects reported. 

Level of the quality of the studies
The mean score of the PEDro scale was 9.14, 

with an average score of excellent quality. One study 
obtained a value of 8 (good quality) (Jäger, Purpura, 
et al., 2016), 4 studies achieved a value of 9 points 
(excellent quality) (Carbuhn, et al., 2018; Hoffman, 
et al., 2019; Huang, Wei, Huang, Chen, & Huang, 
2019; Toohey, et al., 2020), and the remaining two 
studies (Salleh, et al., 2021; Townsend, et al., 2018) 
obtained 10 points, the maximum possible score 
(excellent quality). All the information is detailed 
in Table 2. 
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Table 1. Summary of the studies included in the systematic review that investigated the effect of probiotics on strength and power 
performance

Author/s Population Supplementation 
protocol Duration Training 

protocol
Pre-test 
protocol Test Outcomes Effect

Carbuhn et 
al., (2018) 

17 female 
swimmers from 
Division I

1 x 109 CFU of 
Bifidobacterium 
longum 35624 daily 
(1 capsule/day)

42 days 5 workouts/
week, 8-20 h/
week 

None

Vertical
jump force 
plate test

Rate of eccentric 
force production 
(N/s)

↔

Concentric force 
production (N/kg) ↔

Overall vertical 
jump height (m) ↔

100-m freestyle 
anaerobic swim 
test

Time trial (s) ↔

Hoffman et 
al., (2019) 

16 male soldiers 
(EG: 20.0±0.6 
years; PLA: 
20.2±0.6 years)

1.0 × 109 CFU of 
Inactivated Bacillus 
coagulans daily 
(1 powder serving/
day)

14 days 5 workouts/week None Simulated 
casualty drags Time (s) ↔

100-m shuttle run Time (s) ↔

Vertical jump 
power Mean power (W) ↔

60-s pull ups Repetitions (#) ↔

Huang et 
al., (2019) 

16 triathletes 
(EG: 22.3±1.2 
years; PLA: 
20.1±0.3 years)

3 × 1010 CFU of 
Lactobacillus 
plantarum PS128 
daily (2 capsules/
day)

21 days Specialized 
training

Triathlon 
championship 
(72 h before) Wingate 

Peak anaerobic 
power (W) ↑

Mean power (W) ↑

Jäger et 
al., (2016) 

15 resistance-
trained men 
(25±4 years)

5 x 109 CFU of 
Streptococcus 
thermophilus FP4 
(DSMZ 18616) 
and 5 x 109 CFU 
of Bifidobacterium 
breve BR03 (DSMZ 
16604) (1 capsule/
day)

21 days Usual training Bout of 
eccentric 
exercise 
(48 h before) Maximal 

voluntary 
isometric peak

Peak torque (NM) ↔

Salleh et 
al., (2021) 

30 badminton 
players (EG: 
19.5±1.0 years; 
PLA: 19.9±1.3 
years)

3 x 1010 CFU of 
Lactobacillus casei 
Shirota (1 bottle/
day)

42 days 5 workouts/
week, 10h/week 

None 40-m dash Time (s) ↔

T-test Time (s) ↔

Handgrip test Weight (kg) ↔

Vertical jump Height (cm) ↔

Toohey et 
al., (2020) 

23 Division I 
female volleyball 
and soccer 
players (19.6±1 
years)

5 × 109 CFU 
CFU of Bacillus 
subtilis (DE111) 
(undefined)

70 days 3–4 workouts/
week

None Squat (1RM) Weight (kg) ↔

Deadlift (1RM) Weight (kg) ↔

Bench press 
(1RM) Weight (kg) ↔

Vertical jump Time (s) ↔

Pro-agility test Time (s) ↔

Townsend 
et al., 
(2018) 

25 Division I male 
baseball athletes 
(20.1±1.5 years)

1.2 × 109 CFU of 
Bacillus subtilis 
(DE111) (1 capsule/
day)

84 days 2–3 workouts/
week

None Squat (1RM) Weight (kg) ↔

Deadlift (1RM) Weight (kg) ↔

10 yard-sprint Time (s) ↔

Pro-agility test Time (s) ↔

Standing long 
jump Time (s) ↔

Note. ↑ the effect of probiotic supplementation was statistically higher from placebo; ↓ the effect of probiotic supplementation was statistically lower 
from placebo; ↔ The effect of probiotic supplementation was not statistically different from placebo; #, number; 1RM, one-repetition maximum; CFU, 
colony-forming units; EG, experimental group; kg, kilograms; N/s, Newtons/seconds; N/kg, Newton/kilograms; NM, Newton meters; m, meters; PLA, 
placebo group; s, seconds; W, watts.

Pooled effect estimate
The I2 test showed no significant heterogeneity 

among studies (p=.10). However, the I2 statistic 
indicated a moderate risk of heterogeneity (I2=43%). 
Visual assessment of the funnel plot (Figure 2), 

revealed no substantial asymmetry, and Egger ś 
regression test for funnel plot asymmetry showed 
a non-significant result (df=5; p=.46). Duval and 
Tweedie Trim and Fill ś method did not identify 
missing studies on either side of the plot.
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Table 2. Table PEDro ratings of the included studies

Study 1 2 3 4 5 6 7 8 9 10 11 TOTAL

Carbuhn et al., (2018) Yes 1 1 0 1 1 1 1 1 1 1 9

Hoffman et al., (2019) Yes 1 1 0 1 1 1 1 1 1 1 9

Huang et al., (2019) Yes 1 0 1 1 1 1 1 1 1 1 9

Jager et al., (2016) Yes 1 0 0 1 1 1 1 1 1 1 8

Salleh et al., (2021) Yes 1 1 1 1 1 1 1 1 1 1 10

Toohey et al., (2020) Yes 1 0 1 1 1 1 1 1 1 1 9

Townsend et al., (2018) Yes 1 1 1 1 1 1 1 1 1 1 10

Note. Items in the PEDro scale: 1 = eligibility criteria were specified; 2 = participants were randomly allocated to groups; 3 = allocation 
was concealed; 4 = the groups were similar at baseline regarding the most important prognostic indicators; 5 = blinding of all participants; 
6 = blinding of all therapists who administered the therapy; 7 = blinding of all assessors who measured at least one key outcome; 8 
= measures of one key outcome were obtained from 85% of participants initially allocated to groups; 9 = all participants for whom 
outcome measures were available received the treatment or control condition as allocated or, where this was not the case, data for 
at least one key outcome was analysed by “intention to treat”; 10 = the results of between-group statistical comparisons are reported 
for at least one key outcome; 11 = the study provides both point measures and measures of variability for at least one key outcome.

Figure 2. Funnel plot of the included studies.

Figure 3. Pooled meta-analysis of the included studies.

The pooled meta-analysis results identified a 
significant benefit of probiotics in comparison to 
placebo for measures of strength and power perfor-
mance in a trained population (p=.04), with a small 
effects size (pooled SMD=0.36 [0.02-0.70]; Figure 
3). Concerning the effect sizes of individual studies, 
two studies (Huang, Wei, Huang, Chen, & Huang, 
2019; Jäger, Purpura, et al., 2016) showed a large 
effect size of the intervention (SMD>0.8), one 
study (Townsend, et al., 2018) showed a moderate 
effect size (SMD between 0.4 and 0.8), another one 
(Hoffman, et al., 2019) noticed small effects size 
(SMD between 0.2 and 0.3), and the remaining three 
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articles (Carbuhn, et al., 2018; Salleh, et al., 2021; 
Toohey, et al., 2020) obtained trivial results. 

Discussion and conclusions
In this current SRMA, the main aim was to 

summarize and analyze the existing scientific liter-
ature concerning the effects of probiotic supple-
mentation on strength and power performance in a 
trained population. Seven independent articles met 
inclusion criteria, with a total pooled sample size 
of n=142. The meta-analysis results revealed that 
probiotic intake exerted significant positive effects 
on strength and power performance compared to 
placebo, with a pooled standardized mean differ-
ence (Hedges’ G) of 0.36. 

The SMD found probiotics effects are compa-
rable to other popular ergogenic aids in terms of 
measuring strength and power performance. For 
example, caffeine showed a small effect when 
strength and power performance were measured 
(SMD=0.20 and SMD=0.17, respectively) (Grgic, 
Trexler, Lazinica, & Pedisic, 2018). Additionally, 
in a previous meta-analysis, creatine displayed 
small effects on lower body exercise (SMD=0.21) 
and moderate effects on upper body exercise 
(SMD=0.42) (Branch, 2003). Therefore, the utility 
of probiotics for athletes should be considered to 
enhance strength and power performance.

Despite the promising results found in the pooled 
meta-analysis results, it is essential to note that only 
one included study in this systematic review found 
significant differences after probiotic supplementa-
tion (Huang, Wei, Huang, Chen, & Huang, 2019), 
while the remaining studies showed no significant 
differences in strength and power performance after 
probiotic intake (Carbuhn, et al., 2018; Hoffman, et 
al., 2019; Jäger, Purpura, et al., 2016; Salleh, et al., 
2021; Toohey, et al., 2020; Townsend, et al., 2018). 
The trend to improve performance on tests of orig-
inal studies could have influenced this result.

Concretely, the study carried out by Hoffman 
et al. (2019), in which inactivated Bacillus coagu-
lans strain was ingested, showed a trend to enhance 
vertical jump power (Hoffman, et al., 2019). More-
over, Jager, Purpura et al. (2016) did not discover 
significant differences among groups when they 
measured maximal isometric peak torque after an 
eccentric exercise protocol in triathletes (Jäger, 
Purpura, et al., 2016). Nevertheless, they did find 
significant differences when using the probiotic-
placebo difference score adjusted for the value at 
baseline to measure maximal isometric peak torque. 
In addition, Townsend et al. (2018) did not identify 
any positive effect on the measurements of strength 
or physical performance among groups after inges-
tion of 1.2 × 109 CFU of Bacillus subtilis (DE111) 
during 84 days (Townsend, et al., 2018). Nonethe-
less, the authors explained that the test results could 
have been influenced by baseline differences in 

strength measures (i.e., squat and deadlift) and lack 
of training volume control during the intervention.

On the other hand, it is also necessary to 
mention that the investigations with a smaller effect 
size in the meta-analysis were Carbuhn et al. (2018), 
Salleh et al. (2021), and Toohey et al. (2020). Two 
of these studies did not perform a warm-up before 
conducting the tests (Carbuhn, et al., 2018; Salleh, 
et al., 2021). Therefore, that could be considered 
as methodology bias, which therefore influenced 
studies results. Otherwise, the results on strength 
performance tests in Toohey’s study on football 
players could have been influenced by changes in 
body mass among studied groups (Toohey, et al., 
2020). The body mass of the experimental group 
decreased more than that of the placebo group 
during the study, and these changes could have 
directly influenced the results of strength tests. The 
greater body mass in the placebo group could be 
associated with greater muscle mass and thus influ-
encing the results in lifting higher weights in 1RM 
bench press, deadlift, and squat tests.

Despite the possible methodological bias influ-
encing the results of the SRMA, the average quality 
of studies was established as excellent, and the sum 
of all the included articles discussed above revealed 
significant results favouring probiotic ingestion. 
Moreover, it is important to mention that the highest 
effect sizes were found in the studies when the 
tests were carried out after strenuous exercise (48 
and 72 hours before testing) (Huang, Wei, Huang, 
Chen, & Huang, 2019; Jäger, Purpura, et al., 2016). 
These results highlight even more the importance of 
probiotics for the recovery process and hence their 
usefulness for athletes.

Probiotic intake could boost the recovery 
process attenuating exercise-induced undesirable 
effects in the gut. In addition, this ergogenic aid 
could promote intestinal health by improving the 
intestinal barrier function of epithelial cells through 
increased production of SCFA (Lamprecht, et al., 
2012). In fact, most of the strains consumed during 
the studies included in this SRMA (Bidifobacterium 
longum [Huang, Hsu, Huang, Liu, & Lee, 2020], 
Bifidobacterium breve [Tian, et al., 2020], Bacillus 
coagulans [Nyangale, Farmer, Keller, Chernoff, & 
Gibson, 2014], Bacillus subtilis [Xu, et al., 2021], 
Lactobacillus plantarum [Huang, Pan, Wei, & 
Huang, 2020], and Lactobacillus casei [Matsumoto 
et al., 2010]) have been demonstrated to increase 
acetate, propionate, and butyrate production. On the 
other hand, Streptococcus thermophilus (Shen, et 
al., 2021) has so far only been shown to be capable 
of increasing acetate production.

Concretely butyrate, the main enterocyte 
fuel, could play a key role in maintaining intes-
tinal integrity during exercise, attenuating the cell 
injury caused by exercise induced gut hypoperfu-
sion and body temperature increase. Probiotic (e.g., 
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Bacillus subtilis) intake could attenuate the incre-
ment of enterocyte damage (measured by I-FABP) 
during exercise, as shown in a study conducted on 
rats (Ducray, et al., 2020). This attenuation of intes-
tinal damage could improve nutrient absorption, 
thereby enhancing the recovery process. Previous 
studies showed a better absorption of proteins (e.g., 
casein [Jäger, Shields, et al., 2016] and whey protein 
[Tarik, et al., 2022]) and carbohydrates (Pugh, et 
al., 2020) when they were combined with probiotics. 
Thus, the main reason for the probiotic ingestion 
is to improve nutrients absorption so as to enhance 
strength and power performance.

In addition, propionate and acetate could 
also impact strength and power performance via 
different physiological pathways. Propionate may 
be able to produce glucose in the liver and gut 
through gluconeogenesis, increasing glucose avail-
ability (Holscher, 2017). Moreover, acetate could 
increase gamma-aminobutyric acid (GABA) neuro-
transmitter (Frost, et al., 2014). GABA, the main 
central nervous system inhibitor, could elevate 
resting serum growth hormone improving resist-
ance training-induced muscular adaptations (Power, 
Yarrow, McCoy, & Borst, 2008).

In summary, improving gut health and nutrient 
absorption could be the primary pathway for probi-
otics to enhance the recovery process. Besides, 
enhancing hepatic and intestinal gluconeogen-
esis and increasing GABA release could also play 
a role in boosting recovery. All of the previously 
mentioned mechanisms of action may be capable 

of improving strength and power performance in a 
trained population. 

The results of the SRMA must be cautiously 
interpreted within the context of its limitations. 
The articles included in this SRMA (n=7) involved 
different independent variables (probiotic strains, 
dosages, duration, and performance tests), thus 
possibly influencing the final results of the pooled 
meta-analysis. In order to mitigate limitations, 
this SRMA followed a rigorous methodology to 
analyze and quantify the outcomes. The quality of 
the included articles ranged from good to excellent, 
with an average score of excellent quality, and no 
publication bias was found. Besides, as a novelty 
statement, this is the first SRMA to assess probi-
otics’ effects on strength and power performance 
in a highly trained population. 

With the aim of enhancing the validity and preci-
sion of probiotics usage in sports context, future 
double-blind, randomized, placebo-controlled 
studies with similar supplementation protocols 
and measurement methodologies are needed to get 
a deeper insight into the effect of each strain on 
strength and power performance.

In summary, this SRMA demonstrated that 
probiotic supplementation could effectively enhance 
strength and power performance in a trained popu-
lation. However, research is at an early stage, and 
the precise conditions (probiotic strain, dose, and 
duration) in which probiotics may be ergogenic have 
yet to be firmly established.
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